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POLARIZATION DIAGNOSTICS AND OPTICAL PUhlPING
DEVELOPNIENT FOR OPPIS AT LANIPF

D.R. Swenson, D. Tupa, R.L. York, hl. Ddick, and O. Il. van Dyck
Los Alamos Nationa! Laboratory, hlP-5, H831J, Los Alamos, NK1 87544

ABSTRACT

Wc report improvement of the polariztition di~gnoslics and their usc in [hc
development of the optically Pumpd Polarized Ion Source (OPPIS).

INTRODUCTION

We hilvc developed an improved Iow-crwrgy polarimc[cr (LEP()) hascd on the
rcwxion ~Li(p,~He)~He at 750 kcVIJ. The unique fc~tures of the polm-imctcr uc Ihc
u.w of permanent magnet momcmum anidysis~ m scpamtc the rcilclion producLs from
[hc classically scuttcred protons, m.1 the use O( holh ~Hc and ‘He data [o dctcrminc
[he polarization. The polwimeter hu Imcn u.scdin source optimintion smdics. Wc
hiivc continued developmcm of Faraday rottilion diagnostics for nwisuring Ihc alkali
vapor density anti polw-izulion. The improvcmtmui include ncw calculwions und
improved tcchniquc. Wc huvt: smdicd Lhccf(ccl of the Iwwr spcc[ral dislribu[io,i on
the Iwm polarizauon.

LOW kNERGY 6Li POLARIMETER

The LEP() poltirirncter allows the nucltxw polarization of lIM Iwum m bc
mcasurwl wilhoul using sctircc iind cxpcnsivc wxclcralor [imc. LEP() opcrtiti(m
requires resolving the ~Hc andhr ~Hc rctictmn producw in t.hc prcscncc of ti much
Itirgcr background of classically scaucrw.1protons. Past iIltcmpL$ using silicon surfiicc
Imrricr dcwtors with crwrgy resolution or coincidence [cchniqucs huvc s~l(tcrcd
hccm.mmLhcclccmmics were no( fiustenough [o himdlc the Imckgrouml riuc. Wc have
solwxl this protdcm by adding u pcrmtincnt mtignc[ momcniurn tilwr [o (hc dctcctitm
systcm us shown in Fig. 1, “rhc momcmum filler ctmsists 0( a pair of 2.54-cm-long
SmC’o magnets with u peak I_icld of 6,7 k(l ml a gtip spacing of 3.[1 mm. ‘1’hc
inlcgrutcd IIck.1along lhc pwliclc traicclory (mctisurcd 10 hc 15.7 k~J’cm) dclkls the-. .
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[ndwd, it is possible to measure tie polarization using only rmc detec!or and the ru[io
of tie two peak areas. For our cxperimcnLs. two symmwic detec[ors mounted at 52
degrees above and Iwlow the beam were u.scd 10 detect fomard scalttxcd particles.
The polarization can he dtmxrnined using [hc conventional “rmio method” using spin
rcvcrsa! with the two detectors and either the lHc or ‘Hc datad . If dw polarization is
[hc same in bodl spin states, the rtitio of Ihe analyzing powers for the LWOreactions
can he dctcrrnincds. Another wzy of tkmxrnining tic polarization uscs data from holh
peaks on bo[h dctutors, the “four peidcmethod”. The foui peaks cm Iw u.scdm (orrn
[hc ra[io:

R . M . !k%!d’‘a3p)(’::4?!. ~ @f!(ka~
N,,4N,13 f2u4(ld3 (1+a4P)(l - (111’) “(l+ (x~P)(l-a:,P)”

(1)

where N is numhcr of counts, (1 is [he dctccu)r mxxpt.uncc solid angle. u is tlw
analyzing power, P is WC Iwm pthrizti[ion. and R(l is R measured wilh ~npolarimi

Iwam. The subscripts distinguish hctwccn the JI+C or ~I{C pcuks on Ihc “up” or
“down” dc[cclors. The qutidratic cquution cm hc solvml for P as iI function of IUR,,
~nd the known imtilyzing powers, This method allows [hc polurintion for ctich spin
$tum u) Iw dctcrmirwd independently, imd ii is Icss .scnsitivc to chtingcs in the I“tilsc
asymmclry or hcmn steering, ‘lmhcdifferent mc~h(}ds provide cross uhccks m limit
hysk[l~ii[k errors. Expcrinwntti! msulL%using lhcsc mcth(ds m! discussed hch~w.

LEWO RESULTS



expect Lheratio of the ~He and ‘He peaks mt!asurcd wilh one detector for unpularizw,l
bcarn would be constant because t-hemomemums are nearly the MUTM ~d h~n~e the
(2’s should be the same. [f this were so. wilh proper alignmcnl, I+. would quid I and
would not need m be measured. This was not always Lhe case, indicating possihk
misalignment of [he dewctors or prohkrns wi[h Lhe target. Measurements lakcn
during (me-day indicated that R. did not drift. For example, during a one day run
widl unpolarized beam, tive measuremems of P yielded a standard devia[ion O( ().9%,
in agreemenl with the coun[ing statistics. However, from day to day, me~suremcnu
of R. ranged from ().81 to 1.02. More smdy of tie systematic efiors is needed, Using
the measured Ro, the “four-peak method” gave consistent polarization measurumcnrs.

LEPO was used in source optimizauon studies. The mewtrements showed
better polarization with a 7-hole extraction Icns (3.3-mm-diameter ion Iwam) [ban
with iI 19 hole extraction lens (4.3-mm-diameter ion beam). The polarizations were
69*2%1 versus 63* 1%, which agreed well with Iiucr measurements at 800 MeV. A
UJbular ~-metal shield was insmlkd around the zero-crossing region of the Sons
transition. The polarization without the shield was 62.6*1 .7%; with the shielti it was
63.7*1. I%. thus showing little improvement. Measurements wu-ying the laser size by
2(WA indicated little dependence on Iwr size
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FARADAY ROTATION DIAGNOSTICS

Faraday romion
is a useful diqymstic ior
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FREQUENCY (cm“’l

Fig. 3. Measured and culculutml Furwitiy nmi[ion
imglcs for unpolarircd (U) ml ixduriml (P) K viqmr.
“Ilickncss is 5.(Ix 1[)1~ cm 2 md polw-i~;~ti~m 72%.

and clect~on spin p(~liir-

ization of an ilk~li va-
por. Extracting U.WIUI
information from the
measurements requires
accurate calculations of
lhe Verdet constant for
unpolarim.1 and polar-
ixcd vapor, M, Dulick
has wriuen a cornpu[cr
programh that cakwluh!s
thew consu,mLsfor cacn
of [hc alkalis, for till
probe law frequcrwics,
and for all mtignctic
Ilclds. A copy m~y hc
ohtaincd lr(~m the
auihors. Mcwmrcmcnts
with Na and K vapor at
vurious Irmjuencics ond
magnclic I“iclds hn:
c~)nsislcnt wi[h [hc
calculations. I:igurc 3 is
~n example 0[ ~mr d~la
~t 3 kG.



A( the IJS[ corifcrcncc’, wc dcscrilwd several techniques (or measuring
Faraday rt~twion. “The mctisurcmcnts of Fig. 3 were mw.k using [hc “Two-&[cu[(w
mcthl~ti”. Wc h;~vc (unhcr dcvch)pcd [hc “Ro[ming ?J2 plm method” md huvc tound
it U) hc [hc mcthtd 1)( ch(~icc. The “Rom[ing M2 p!aic lne~hod” gives accuraw, stxhlu,
rcd-lirric mc;lsurcmcn[s wvJ dots not require frequcnl calilmuion. 11ww u.sd m lust
thu wxuracy md s[at)ilily of the OPPIS tiummatcd spin nip ovur .scvcraldays .

LASER FREQUENCY DISTRIBUTION

The spectral output of our Ti:S~pphirc Iwwr is norrowcd by two uncuatu.1
utalons (200 GHz and 20 GHz free spcc[ral rtingc) to malch the l)~~pplcr-hr(uu,l~:ncd
ubsorp[ion Iinc O( K vapor ( I GHz FWHM). It consis~ of four or rnorc discrc[c
lt~ngitudinal cavily modes spitcwi 225 MHz apart, M shown in Fig 4a. The discrc[c
nature of the distribution may Iimi[ (hc optical pumping efficiency IMWNJ.Wtht! mm.it
spacing is large comptirc(.1 to the na[urid line width To Ml the u(fcct of o mtwc
uniform la.scrspectrum, wc huvc ohtaincd u pro[otyW vibrating law cavity mirrorti.
The mirror is mounted on iI high-frequency it~ous[i~ horn, which is cxcitcd by il

piczo-electric motlulamr. This Jllows the Iascr cavity Icngth. and hcrwc [hc fmqucncy
of. Lhc c:lvity modes, [o be mm.lulimxl at 140 kHz, which is fiistcr than the average
wiIll collision rate (45 kHz) of the K vapor. Figure 4b shows the Iascr truqucncy
distribution wi[h [hc modulator on. In limited tc.ws conducted during accclcramr
opcra[ions. the motluliitor did not uflcct [hc polw-izu[ion of the kam as rncw+urcd by
lhc I!(N)-McV mlarimctcr. Further tests arc mxdcd. A Iwucr imnrov(tmcnt is.
cxrwctcd I’m Rh vimor hcciIusc the Iincwidth is cnmtcr.
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